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Abstract: Declines in skeletal musclemassand strength aremajor contributors to increased
mortality, morbidity and reduced quality of life in older people. Recommended Dietary
Allowances/Intakeshavefailed to adequately consider theprotein requirementsof theelderly
with respect to function. The aim of this paper was to review definitions of optimal protein
status and the evidence base for optimal dietary protein. Current recommended protein
intakes for older people do not account for the compensatory loss of muscle mass that
occurs on lower protein intakes. Older people have lower rates of protein synthesis and
whole-body proteolysis in response to an anabolic stimulus (food or resistance exercise).
Recommendations for the level of adequatedietary intakeof protein for older peopleshould
be informed by evidence derived from functional outcomes. Randomized controlled trials
report a clear benefit of increased dietary protein on lean mass gain and leg strength,
particularly when combined with resistance exercise. There is good consistent evidence
(level III-2 to IV) that consumption of 1.0 to 1.3 g/kg/day dietary protein combined with
twice-weekly progressive resistance exercise reduces age-related muscle mass loss. Older
people appear to require 1.0 to 1.3 g/kg/day dietary protein to optimize physical function,
particularly whilst undertaking resistanceexercise recommendations.
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1. Introduction
Currently, the National Health and Medical Research Council (NH & MRC) Recommended Dietary
Intakes for Australians incorporate asmall increase in dietary protein requirement for older people over
the age of seventy years [1]. This is not a consistent dietary recommendation across all countries, as
national dietary protein requirements often do not differ across the adult age range [2,3]. Recently
there has been some debate regarding the recommended dietary protein intake for older people and it
has been proposed that dietary protein intakes which are considerably higher than the minimum protein
requirements may be required for optimal health, particularly in older people [4].
Traditionally, protein requirements have been derived on the basis of supplying sufficient dietary
protein to ensure nitrogen balance, based on only a handful of experiments involving older people.
At a meeting between representatives of the World Health Organization, the Food and Agriculture
Organization of the United Nations and the United Nations University held in 2002, one of the
recommendationswastheneed to review therequirementsfor thosewithahighdiseaseburden, including
theolder population, and it was noted that previous reportshad failed to adequately consider theprotein
needs of older people [5]. Furthermore, the premise that no additional protein allowance is required for
older adultsasleanbody mass(asapercent of body weight) andproteincontent of thebody bothdecrease
with age[2,3] may not bevalid. Thereisnow emerging datathat optimal health for older peopledepends
on maintaining muscle mass, which requires greater than minimal amounts of dietary protein [6]. It is
increasingly being recognized that more robust methods are required for measuring protein requirement
and that the results from short-term nitrogen balance studies can provide only limited information on
dietary protein requirements of older people [7].
Although there is ongoing debate related to the validity of different methods of estimating
dietary protein requirements [6,8], Fukagawa argues that what is needed is studies demonstrating
that incremental differences in the amount of dietary protein consumed affect clinically-important
outcomes. This would require a new paradigm, with a new set of clinical outcomes being used to
definenutritional adequacy with respect to protein [7]. The useof functional outcomes such as physical
performance can be measured by the ability to get up out of a chair or gait speed, and these outcomes
have been shown to be predictive of mortality and morbidity [9–11]. Any assessment of optimal
levels of dietary protein would need to be performed in the context of the range of physical activity
levels present in the older population, including those who are undertaking the recommended regular
weight-bearing activities. Consistent with approaches to reduce chronic disease in younger people,
dietary recommendations to reduce health risk and optimize quality of life in the later years should be
combined with recommendationsfor physical activity. Therefore, it is timely to review evidencerelating
dietary protein intake in older people to physical functional outcomes that impact on quality of life.
The aim was thus to review the current dietary recommendations for dietary protein for older people
and theevidence relating dietary intakeof protein in older people to functional outcomes that impact on
quality of life in the context of different levels of physical activity in the context of the physiological
ageing process.
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2. Results
2.1. Physiological Impact of Ageing on Body Composition
The largest single site of protein in the body is skeletal muscle, which makes up about 80% of the
cell mass and 30% of whole body protein turnover in lean young adults [12]. Each cell contains protein
and that protein exhibitsboth functional and structural properties. In addition, there isasmall amount of
body protein which can beused to provideenergy in the labileamino acid pools and during starvation.
Aging is associated with a progressive decline in resting metabolic rate (RMR) at a rate of 1%–2%
per decadeafter 20 yearsof age[13]. Thisreduction in RMR isclosely linked with thedecreasein whole
body fat-free mass, which is composed of metabolically-active tissues and organs [14]. Up to 50% of
total body weight in young adults is lean musclemassbut thisdeclineswith aging to 25% when reaching
an age of 75–80 years [12]. The loss of muscle mass is usually coupled with gains in fat mass without
much fluctuation in body weight (Figure 1). The greatest loss of muscle mass is seen in the lower limb
muscle groups, with the cross-sectional area of the vastus lateralis being reduced by as much as 40%
between theage of 20 and 80 years [15].
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Figure1. Changesin therelativeweightsof thedifferent compartmentsof body composition
withageing. Valuesareexpressedaspercentageof total body mass, adapted from Short et al.,
2000 [12]. 1 Fat-freemass
2.2. Skeletal Muscle, BoneHealth, Falls and Fractures
Muscle weakness predicts falls and subsequent fractures. Muscle weakness is associated with
age-related muscle loss which in turn is related to osteoporosis and leads to a life of restricted mobility,
loss of independence and reduced life expectancy [16]. Fracture risk is increased when bone density is
low, and loss of muscle mass is associated with loss of bone mass. The skeletal and muscular organs
are inextricably linked: increasing muscle strength increases bone density. Muscle contractions provide
the strongest mechanical forces upon bone, stimulating healthy bone turnover, optimising bone density,
bonestrength and microarchitecture [16].
Frailty is important because it confers a much greater risk of adverse health outcomes, such as falls,
hospitalization, disability, loss of independent living and death [17]. The Fried Frailty Index classifies
frailty on thepresenceof threeor moreof fivecomponents: weight loss, exhaustion, weakness, slowness
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and low physical activity [17]. Theoccurrenceof frailty increasesincrementally with advancing age, and
is more common in older women (10%) than men (5%), and among those of lower socio-economic
status. Between 6% and 25% of free-living individuals aged 65 years and older may be considered frail
and thisproportion increases to about 25% to 40% in those aged 80 yearsand above [18].
Physiological reserveisoften limitedaspeopleage. Theprogressiverestrictionof homeostatic reserve
that is seen in all organ systems with ageing makes older people more vulnerable to relatively minor
pathological conditions, and is thought to underpin the syndrome of frailty. More advanced stages of
frailty areassociated with muscleweaknessand increasing disability. Frailty and age-related accelerated
muscle loss (sarcopenia) are closely related and frail older people are by definition sarcopenic [19,20].
Sarcopenia is a complex process involving a range of age-related physiological changes combined with
adoption of a sedentary lifestyle and a dietary pattern that is sub-optimal [21]. The two main features
of sarcopenia are loss of fast-twitch type II muscle fibres and loss of motor neurons, and prevention of
sarcopeniaisrecognised asakey factor in preventing fracturein older people. Age-associated sarcopenia
is likely to lead to frailty, risk of falls, and loss of independence. There is now a defined subclass
of sarcopenia that incorporates assessment of physical function: “Sarcopenia with limited mobility” is
defined as a person with muscle loss whose walking speed is equal to or less than 1 m/s or who walks
less than 400 m during a6-min walk, and who hasa lean appendicular masscorrected for height squared
of two standard deviations or more below the mean of healthy persons between 20 and 30 years of age
of thesameethnic group, and clinically significant interventionscan bedefined by walking speed [22].
2.3. Energy Expenditure, Energy Intakeand Physical Activity
Maintaining adequate physical activity is likely to ameliorate the age-related decrease in resting
metabolic rate (RMR), as physical activity aids in preservation of lean mass among highly active older
adults [14]. It has been estimated that 75 year-old have total energy expenditure (EE) levels similar
to a 7–11 year old despite having greater body mass. This represents a decrease of approximately
2.1 MJ (500 kcal)/day in total EE and therefore in energy requirements [14].
2.3.1. Gender Differences
Throughout thelifecycle, men and women appear to havesimilar protein turnover rates, onceadjusted
for body mass index (BMI) and health status. Some studies have indicated that there may be possible
gender differencesdueat least in part to thedifferences in body composition, not only in lean body mass
but also in the amount of body fat. There is some indication that men have higher whole-body leucine
oxidation at rest and during aerobic exercise, even after correcting for lean body mass [23].
When energy intakefrom other macronutrients ismarginal or low, protein isutilised by thebody asan
energy source. This is likely to be more common in older adults who are sedentary and whose appetite
is likely to be small. As highlighted in the WHO/FAO/UNA report, protein: energy ratios increase with
age, and are highest for females who are sedentary. The protein: energy ratio is highest when energy
requirements are lowest, e.g., sedentary elderly large women, such that a sedentary elderly woman who
weighed 70 kg would require food with more than twice the protein concentration relative to energy
compared with that needed by very young children [5].
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2.3.2. Digestibility of Protein
Older adults appear to exhibit a more positive whole-body protein balance after ingestion of
rapidly-absorbed protein sources compared to younger people [24]. In young men, a slow-digested
dietary protein (casein) induced a greater protein gain than a fast-digested one (whey protein). The
mechanisms of this gain also differed according to the protein’s rate of digestion. However, in older
subjects, protein gain was greater with whey protein (rapidly-digested protein), and lower with casein
(slowly-digested protein). This suggests that a “ fast” protein might be more beneficial to limit protein
losses in older people, but longer-term studies are required to confirm that this approach reduces body
protein losses during aging [24,25]. There is also some recent evidence for greater gains in muscle
strength in an elderly population in response to resistance training when this is combined with a
2  10 g/day whey protein supplement rather than thesameamount of acasein protein supplement [26].
In addition to different absorption and metabolism rates between different food sources, it is clear
that ageing is associated with decreased chewing efficiency. For example, minced beef has been shown
to be more rapidly-digested than servings of intact beef, resulting in increased amino acid availability
and greater postprandial protein retention, although this acute study did not show greater postprandial
muscleprotein synthesis (MPS) [27].
2.3.3. Dietary Requirement for Protein and Optimal Intakeof Protein
There are a number of factors that influence the minimum protein requirement and these include:
metabolic demand (with large inter- and intra-individual variation), growth/net tissue deposition, and
dietary influences. The provision of sufficient dietary protein will only occur when the demands for
energy and all other nutrients for normal physiological functioning are met. Protein and amino acid
metabolism are affected by alterations in micronutrient status and intake along with other factors, as
shown below:
 Energy intake—at constant levels of energy expenditure, increased energy intake improves
nitrogen balance. This is possibly due to hormonal responses (insulin) which can inhibit
proteolysis and oxidation of amino acids. Excess dietary energy over the longer term leads
to increased deposition of adipose tissue (with some accompanying lean mass) which increases
protein requirements.
 Energy expenditure—an active person expends more energy and consumes more food (including
protein), and is therefore less likely to beconsuming marginal amountsof protein, asusually there
is a minimal or no increase in amino acid and nitrogen requirements due to the physical activity.
In contrast, when energy expenditure is low, food consumption falls and any imbalance between
amino acid requirementsand intakewill bemore likely to occur.
 Physical activity—can influence amino acid metabolism, e.g., altering the flow of nitrogen from
branched-chain amino acids, and training may alter amino acid metabolism.
 Macronutrients—the pattern of consumption of complex and non-digestible carbohydrate affects
the colonic microflora and their contribution as an energy source, and faecal nitrogen is increased
in thoseconsuming largeamountsof non-digestiblecarbohydrate.
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 Micronutrients—dietary inadequacieswith respect to B vitaminsand zinc may affect thebiological
value of dietary protein, whereas larger nutrient intakes (supplements) can induce an increased
metabolic demand for protein to disposeof excess nutrients.
 Metabolic stress—induced by systemic inflammatory responses, specific immune responses
to infections, and other environmental factors, including smoking [28] and large intakes of
alcohol [29].
2.3.4. Recommended Dietary Protein Intakes
In contrast to the US and the UK values [2,3], the Australian Recommended Daily Intake (RDIs) for
protein distinguish between males and females and recommend a 25% higher intake of dietary protein
for those aged 70+ years (Table 1) [30]. In contrast, the US recommends an intake of 0.8 g/day for all
adults which does not increase with age but currently remains at the same level as for younger adults.
In a recent review (2013), after evaluating the evidence, an international expert panel recommended an
averagedaily intakeof 1.0–1.2 g/kg protein per day for thoseaged 65+ yearsand even higher intakes for
thosewho areexercising and otherwiseactive [4].
Table 1. Nutrient reference intakes and recommended dietary intakes/allowances and
proposed recommended protein intakes for older people (g/kg/day).
Males 1 Males Males Females 1 Females Females
Age range (years) 19–50 51–70 70+ 19–50 51–70 70+
USEAR 0.66 0.66 0.66 0.66 0.66 0.66
Australian EAR 0.68 0.68 0.86 0.60 0.60 0.75
USRDA 0.8 0.8 0.8 0.8 0.8 0.8
Australian RDI 0.84 0.84 1.07 0.75 0.75 0.94
UK NRI 0.8 0.8 0.8 0.8 0.8 0.8
* General Recommendation
(>65 year)
1.1–1.2 1.1–1.2
* Recommendation with
endurance and resistance
exercise (>65 year)
1.2 1.2
* Recommendation for acute
and chronic disease (>65 year)
1.2–1.5 1.2–1.5
* Recommended 25–30 g per meal (>65 year)
1 Younger age groups included for comparison; EAR, Estimated Average Requirement: the average daily
nutrient intake level estimated to meet the requirements of half of the healthy individuals in a group; RDA,
Recommended Daily Allowanceand RDI, Recommended Dietary Intake: theaveragedaily dietary intakelevel
sufficient to meet the nutrient requirements of nearly all (97%–98%) healthy individuals in a group; NRI,
Nutrient Reference Intake; * [4].
Thereisincreasingevidencethat thecurrent RecommendedDietary Intakesfor older peopleof around
0.8g/kg/day areinsufficient tooptimiseretentionof musclemass, strengthand function [31,32]. Anearly
study by Campbell et al., found that healthy older subjects were in negative nitrogen balance after

